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EXECUTIVE SUMMARY 
Underwood Ranches, located near Oxnard, installed a buried drip system on 50 acres of peppers 
in 1993. The amount of the CEC loan was $50,000. 
The buried drip system provided sufficient advantages in water management, energy savings, and 
yield increases to convince the farm to expand its drip acreage to 140 acres in June 1995, and 320 
acres in Sept. 1996. The farmer was an ideal cooperator. 
The primary lessons learned on this project were: 
•	 A grower needs approximately two years of experience and technical assistance in 
order to feel comfortable with a buried drip system. Even after that time, the grower 
will continue to make many changes to both hardware and management in an effort to 
customize the irrigation system to his own operation and needs. 
•	 Buried drip has enabled the grower to achieve significant improvements in yield with 
his peppers. This experience has also been noted by many other pepper farmers. 
•	 Fertilizer consumption represents a major energy use for peppers. 
•	 The Water Use Efficiency and the Energy Use Efficiency, both of which relate the 
yield to resource consumption, were improved significantly under this project. 
•	 Buried drip significantly reduced water consumption compared to the previous 
sprinkler irrigation system. 
The water and energy use efficiencies for 1994:
 1994 
Item Before CEC Project After CEC Project % Change 
Water Use (Acre-feet/acre)  2.4 1.8 -25 
Energy Use (MBtu/acre)  18.3 20.0 10 
Yield (Tons/acre) 20.0 30.0 50 
Water Use Efficiency (Tons/AF) 8.5 16.5 94 
Energy Use Efficiency (Tons/MBtu) 1.1 1.5 36 
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Water and energy use efficiencies for 1995:
 1995 
Item Before CEC Project After CEC Project % Change 
Water Use (Acre-feet/acre) 2.4 2.0 -16 
Energy Use (MBtu/acre) 18.3 19.6 7 
Yield (Tons/acre) 20.0 22.0 10 
Water Use Efficiency (Tons/AF) 8.5 11.1 31 
Energy Use Efficiency (Tons/MBtu) 1.1 1.1 0 
Water and energy use efficiencies before buried drip/after buried drip:
 '94-'95 Average 
Item Before CEC Project After CEC Project % Change 
Water Use (Acre-feet/acre) 2.4 1.9 -19 
Energy Use (MBtu/acre) 18.3 19.8 9 
Yield (Tons/acre) 20.0 26.0 30 
Water Use Efficiency (Tons/AF) 8.5 13.8 62 
Energy Use Efficiency (Tons/MBtu) 1.1 1.3 18 
The following summarizes the results of the water and energy use: 
• The buried drip system resulted in an averaged 19% reduction of water use over the sprinkler 
system. 
• The drip system brought about an averaged 30% increase in pepper yield. This is primarily a 
result of a reduction in the Phytophthora problem.  Phytophthora do well in the moist, humid 
environment which is common to sprinkler irrigation. Buried drip reduces humid conditions. 
• The energy use and the water use efficiency increased significantly for this project. The 
water use efficiency increased 62% on average for the two years of drip irrigation. The 
energy use efficiency increased 18 percent. 
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BACKGROUND 
The site is located east of Oxnard, California. The leased field is a 50 acre project supplied with a 
new buried row crop drip irrigation system. The grower formerly irrigated with sprinklers only. 
The primary crop in 1993 was Jalapeño peppers located on Field 1.  The peppers were started as 
transplants. In 1994, the field was switched to sprinkler irrigation as part of the crop rotation. 
The field immediately to the west (Field 2) was irrigated using the drip system pump and mainline 
in 1994. In 1995 Field 1 was returned to drip irrigation and for 1996 Field 3 was switched to the 









East of Oxnard 
Field 3 
Figure 1. Underwood Ranches - CEC project field location. 
The irrigation water supply is provided from the Pleasant Valley County Water District. The 
grower reported the irrigation water was supplied from multiple sources at an average cost of 
$65/AF. The water quality (Total Dissolved Solids, TDS) from a sample (10/92) was about 850 
ppm. The booster pump for the drip pump station is electric. Electrical service is provided by 
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Southern California Edison. The pump station must supply pressure for both fields (Fields 1 and 
2). Due to the crop rotation, sprinklers and drip systems are rotated on these fields depending on 
the crops grown. The flow rate requirements are similar for both the sprinkler and the drip 
systems. The pressure requirements are different. The pump station configuration allows for the 
water to bypass the drip filters when the sprinkler system is operating. This does introduce 
contamination into the drip system since the same mainline is used for both systems. 
Installation was started in March 1993. The amount of the CEC loan was $50,000. The loan was 
for the installation of a pump/filter station, buried mainlines, and drip tape.  The actual cost of the 
installation for the dealer supplied components was $66,214. The tape installed was high flow 
(0.67 gpm/100'), 4 mil, 1/2" diameter drip tape manufactured by T-Tape. The 4 mil T-tape was 
replaced with 8 mil T-tape in 1995. Buried mainlines consisted of 10" (1,940 ft), 8" (1,800 ft), 
and 6" (1,700 ft) in 1993 and 1994. The grower used a 4" diameter oval hose manifold (130 ft) 
connected to the tape as shown in Figure 2. 
Drip tape 
Stainless steel wire ties 
Microtube 
Ground surface 
Oval hose manifold 
Manifold to Tape Connection 
(cross section) 
Figure 2. Underwood Ranches - Typical manifold connection to under ground tape. 
Three 48" diameter filter tanks were installed for the filtration. The tanks were manufactured by 
Yardney. The backflush valves supplied were manual.  The purchased booster pump was a 
Berkeley end suction centrifugal pump. The pump curve indicated 800 GPM (gallons per minute) 
flow rate capacity at 200 ft TDH (total dynamic head). The operating efficiency for the pump 
was estimated to be about 68%, which is less than ideal. There is a 6" Bermad valve located just 
downstream of the booster pump and a second 6" Bermad valve downstream of the media tanks. 
The second valve is for pressure regulation. 
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SITE INVESTIGATIONS 
The drip system design was finalized before the ITRC was involved with the CEC program. 
However, the grower was very cooperative and interested in any input provided by the ITRC. 
The initial focus of the ITRC in this project was on helpful suggestions to reduce problems and to 
provide a base for future expansions into drip. It was obvious that the grower was making every 
attempt to grow a good crop and was successful at it. Immediate implementation of some of the 
irrigation system improvement recommendations was not the top priority of the grower, as 
peppers are a short season crop and there is very little hardware improvement that can be done 
once the season has begun. 
The system did have some design and installation problems which made the system more difficult 
to manage than some other systems. For example, the tape had not been buried deep enough at 
the row ends, and there were many leaks caused by cultivation damage. There were also major 
problems with pressure and flow rate control; some of those were inherent to the field irrigation 
system design itself, and others originated at the irrigation district turnout. 
Some of the major problems which were corrected or discussed were: 
•	 The backflush flow rate on the media tanks was improperly adjusted.  Initially, the 
flow rate was too high and most of the media was being washed out. The problem 
was corrected. 
•	 The pump was initially incorrectly selected for the project. It was manufactured to 
operate at a peak efficiency with a different flow rate and pressure than this system 
needed. The pump was changed in the spring of 1995 to one which more closely 
matches the required operating characteristics of the irrigation system. 
•	 The use of various nitrogen fertilizers and other techniques to minimize salt damage 
were discussed. 
•	 A flow meter was needed to separate the water usage of the sprinkler system from the 
drip system. 
•	 The flow rate from the water district turnout varied with time, causing problems 
because the flow rate required by the drip system is fairly constant. Information was 
provided on how to eliminate that problem with the use of a new standpipe and Harris 
float valve at the turnout. The ranch ordered and installed the float valve once the 
problem and solution were understood. 
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•	 The pressure control scheme was difficult to manage. Part of the reason is that the 
pressure regulator downstream of the media filters was not functioning properly; the 
other reason is that dual gate valves were used in the field for adjustment. Better in­
field pressure regulators were recommended. 
•	 The ITRC strongly recommends automatic backflushing of the filters.  In this system, 
for example, early season river water delivered by the district had excessive suspended 
material. The foreman needed to manually backflush the filters every 1 or 2 hours.  If 
the backflushing is automatic, everything (frequency, rate, and duration) can be 
adjusted once and it will generally work much better than manual operation. 
•	 It was recommended that 8 mil tape be used rather than 4 mil tape. This 
recommendation was implemented in 1995. The cost of the tape itself is not a major 
part of the field cost,  and the thicker tape minimized the extensive damage and repair 
costs encountered with the thinner 4 mil tape. 
•	 Initially, the ITRC felt there would probably be problems with corrosion (from 
fertigation) if aluminum pipe is used above ground.  It was recommended that the 
grower investigate Yellowmine pipe or the new Apache PVC which is ultraviolet and 
sunlight resistant. The grower is presently switching away from the aluminum pipe. 
Irrigation Evaluation 
An abbreviated irrigation evaluation was performed in 1994. At the time of the evaluation, 
pressures were constantly changing due to the problems with pressure regulation. However, a 
sample of 28 outlets was tested at one location. The DU for those 28 outlets was 84%. Data is 
shown in Figure 3. 
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Emitter Flow Ranges (gpm/100') 
Figure 3. Emitter flow rate variation from 28 outlets. 
Inlet pressures to the tape ranged from 4.0 to 6.5 psi.  The maximum pressure difference along a 
single tape was 1.7 psi. 
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Salinity Evaluation 
A salinity and pH evaluation was performed by the ITRC staff during the week of May 31, 1994. 
The evaluation consisted of taking soil measurements around the tape at various locations in the 
field. The samples came from three sites located within Field 2. The sites were from the 
northwest corner (Site 1), the center of the field (Site 2), and the southeast corner (Site 3). A 
total of 66 samples per site were collected. To obtain the samples, a small trench was excavated 
around an emitter and the sides smoothed vertically. The wall that the samples were taken from 
was about an inch to two inches from the emitter. Samples were taken every 4" horizontally and 
4" vertically. 
A 2:1 (water:soil) solution was made using 15 gram of soil and 30 milliliter of deionized water in 
order to measure the soil EC (electrical conductivity). Figure 4 is a graphical representation of 
the information. 
20" 16" 12" 8" 4" 0" 4" 8" 12" 16" 20" 








Soil EC Based 
on 2:1 Ratio 0.00-0.25 0.25-0.50 0.50-0.75 0.75-1.00 
(dS/m) 
Figure 4. Soil salinity under one tape at Site 1 on Field 2. 
A full EC evaluation was done on the samples from Site 2 at the center of the field (see Table 1). 
A full pH test was done on the samples from Site 1 (see Table 2). The procedure followed for the 
pH test was to obtain a 2:1 (water:soil) solution using 10g of soil and 20ml of deionized water, 
stir, and then allowing the sample to set for 15 - 20 minutes prior to taking the reading. 
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Table 1. EC (dS/m) data from samples located at Site 2 on Field 2. 
Depth, Distance from Center of Tape, Inches 









































































Table 2. Soil pH data from samples located at Site 2 on Field 2. 
Depth, Distance from Center of Tape, Inches 
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ENERGY AUDIT 
The energy audit compared subsurface row crop drip and sprinkler irrigation systems. This 
energy audit comparison included on-farm pumping energy, field operations energy, pipe 
installation energy, pipe manufacturing energy, and fertilizer manufacturing energy. The 
comparison does not include the energy required for the following: 
• Manufacture of the pump or pump appurtenances 
• Manufacture of field equipment, such as tractors and implements 
• Water District energy to deliver water to the site. 
The energy required for these items can be substantial. For this report, they were assumed to be 
similar for both systems. 
The drip energy audit is based on actual experience from the first year of operation using the 
system. The sprinkler energy audit is based on past practices by the grower. 
To facilitate the analysis of energy use, a detailed estimate of the costs associated for both systems 
was completed. The results are shown in Tables 3 and 4.  The irrigation system cost included the 
annualized capital, water, energy, maintenance, and labor expense. The annualized irrigation 
system cost for drip irrigation was $746/acre in 1994 and $678/acre in 1995. The annualized 
irrigation system cost for the sprinkler irrigation system was $536/acre. The cost does not reflect 
all of the operation costs associated with growing peppers. It does reflect the differential in cost 
for operating the drip system. 
Key assumptions used in the determination of the energy used included the following: 
Material Energy Unit 
Manufacture of: 
Steel: 29,000 Btu/Lb 
PVC: 52,000 Btu/Lb 
Aluminum: 123,000 Btu/Lb 
PE: 68,000 Btu/Lb 
N-Fertilizers: 24,600 Btu/Lb of N 
Fuel: 
Electricity: 3,410 Btu/KwH 
Diesel: 140,000 Btu/gal 
Tables 5 and 6 reflect the results of the detailed energy audit. 
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The first 2 years  of buried drip operation brought several changes to the grower's operation. 
•	 The yield  increased 6 tons/acre over the previous system. 
•	 The reported water use was 0.46 AF/acre less for the drip irrigation system. 
•	 The differential energy requirement was 6% higher for the '94 and '95 averaged drip 
when compared to the historical sprinkler system. However, a 3% decrease in the 
energy requirement took place in 1995 when compared to the historical sprinkler 
system. 
Table 7 is a summary of the impact of the drip system on yields, energy use, and water use. 
Table 7. WATER AND ENERGY USE 
1994 Results 
Water Energy Reported Water Use Energy Use 
Use Use Yields Efficiency Efficiency 
(AF/acre) (MBtu/acre) (Tons/ac) (Tons/AF) (Tons/MBtu) 
Col 3 Col 3 
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The grower achieved a 10 ton/acre increase in yield for the project in 1994.  This was due to the 
capability to harvest greens (3 tons at $350/ton) and an increase in yield on the reds (7 tons at 
$300/ton). It was not possible to harvest the greens on the sprinkler plots due to lack of adequate 
yield for harvest. The 1995 pepper yields dropped off significantly. The 140 acres of peppers 
under drip irrigation produced 3,100 total tons of red and green peppers. The yield was reduced 
to 22 tons/acre due to increased Phytophthora problems.  Table 8 reflects the impact of the cost 
of the irrigation system and the return on investment. For comparison purposes the values of 
Table 8 assume a fixed return price of 17.5 cents per pound and 15 cents per pound for green and 
red peppers, respectively. The 1995 gross return of 22 cents per pound was reduced to a net 
return of 15 cents per pound when  the 7 cent per pound harvest and transportation cost was 
factored in. 
Table 8. INVESTMENT EFFICIENCY 
1994 Results 
Annual Gross Investment 
Irrigation Reported Return Efficiency 













% Increase for Drip 
$536 20 $6,000 
$681 30 $9,150 
$145 10 $3,150 21.7 X 





% Increase for Drip 
$536 20 $6,000 
$698 22 $6,630 
$162 2 $630 3.9 X 
30% 10% 11% 390% 




% Increase for Drip 
$536 20 $6,000 
$690 26 $7,890 
$154 6 $1,890 12.3 X 
29% 30% 32% 1,230% 
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From the grower's perspective, the most important aspect is the return on investment. The gross 
return to grower increased $3,150/acre in 1994 and $630/acre in 1995. On average,  switching to 
drip brought about a $154 increase in annual irrigation system cost which resulted in a $1,890 
increase in gross revenue. 
CEC - Underwood Ranches  Report 17 Irrigation Training and Research Center 
 
www.itrc.org/reports/pdf/Underwood.pdf
Row Crop Drip Irrigaiton on Bell Peppers Study - Underwood Ranches 
 
 
ITRC Report No. R 96-002
DISCUSSION 
The performance of the drip irrigation system more than justified the expense for this grower. 
•	 The payback was less than 1 year. The $66,214 capital cost of the drip system 
components and their installation would quickly be offset by the averaged increase in 
net revenue of $94,500/ year on 50 acres. 
•	 There was a drop in total energy used. The energy data indicate an increase in the 
total energy used for 1994 of 10% and the total energy used in 1995 increased 7% 
compared to the sprinkler irrigation system. 
•	 Electrical power (kWh) consumption was reduced in each successive year after the 
buried drip installation. Power consumption was reduced from 57,900 kWh with 
sprinkler to 34,300 kWh with the 1994 drip. This was a result of a reduction in the 
required amount of applied water and a reduction in the required pump pressures of the 
buried drip compared to the sprinkler system. Electrical power consumption again 
decreased from 34,300 kWh to 30,114 kWh in 1995. This was the result of exchanging 
the 60 HP Berkeley booster pump for a more efficient 40 HP Cornell pump that more 
closely matched the needed operating characteristics of the drip irrigation system. 
•	 A comparison of the sprinkler system and the averaged '94 and '95 buried drip system 
resulted in a reduction in the applied water volume and its subsequent costs of 0.46 AF 
/acre and $30/acre respectively . 
•	 Yield data for the '94 and '95 averaged buried drip system indicate an increase of 6 
tons/acre compared to the historical sprinkler system. 
The following explains the cultural and yield differences between the operation of the drip and 
sprinkler systems. Most of these observations were made by the grower. 
Underwood Ranches uses drip to establish transplants. They believe that this is better than the 
previous practice of using sprinklers. The sprinklers appear to cool the ground down and 
compact the soil. Peppers are established more quickly under drip. 
Early in season, the grower felt that a good sprinkler field gave identical qualitative results to a 
drip field. The advantage with drip lies in the fact that the drip is more forgiving of management 
errors. However, later in the second season the grower revised this statement to say that drip is 
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substantially better than furrow and sprinkler, and that even his best sprinkler fields do not 
compare to drip. 
The grower experienced substantially less Phytophthora problems with drip in 1994. In general, 
much better control is achieved, as preventative chemicals are applied directly with the water and 
soil moisture levels are maintained near optimum. Losses due to Phytophthora under sprinklers 
were about 50% on one field and 10% on another field. On level fields, water ponds at row ends 
and along pipes where they leak and spill excess water. However, they have seen other fields in 
their region with drip that have Phytophthora problems. Phytophthora problems increased in the 
1995 growing season. The season began very wet. This wet season had a two-fold negative 
impact on pepper yields when compared to the preceding year. First, the saturated soil delayed 
the planting operation by 3 weeks. Second, the increase of moisture facilitated the spread and 
development of the Phytophthora problem. The severity of the 1995 Phytophthora problem is 
illustrated in Table 7. Yield increases dropped from 10 tons/acre in 1994 to 2 tons/acre in 1995. 
The heavy Phytophthora problem was caused by both the unusually wet season and emitter 
plugging problems. 
Emitter plugging was severe on the sections of the drip system still using aluminum mainlines. 
Aluminum mainlines prevented the periodic use of acid, which is a necessary component of the 
maintenance strategy for the control of emitter plugging. The continued use of acid will eventually 
destroy aluminum pipe. Where aluminum mainlines were used emitter plugging problems caused 
under-irrigated areas in the field which subsequently reduced the system DU values .  To offset 
the under-irrigation problem, more water was applied to the field, resulting in over-irrigation and 
ponding on other areas of the field. The excessive moisture enhanced the Phytophthora problems. 
Emitter plugging problems became so great in the under-irrigated areas of the field that workers 
cut holes in the tape with pocket knives. The grower noted a 95% reduction in yield on 25 acres 
of over-irrigated fields. 
The weed problem was about the same under sprinkler as with drip. Buried drip is a great 
advantage for pick-your-own vegetable fields, where they can continue irrigating while customers 
are in the field picking. 
Overall, yields are higher under drip due to less problems with Phytophthora and sufficient quality 
of green peppers. In 1994, the greens were profitably harvested with the drip system. 
A pre-plant irrigation using solid set sprinklers is sometimes required on the pepper fields to break 
up clods prior to bed formation. This was not the case for 1995. 
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The grower has had a problem with keeping beds intact from year to year. This is due to different 
spacings on rotated crops (80 inch spacing on all crops except peppers, which use 40 inch). Also, 
beds deteriorate as workers tread on them. 
For 1995 a problem arose with the placement of the buried drip tape. The tape was installed after 
splitting the preceding crops 80 inch beds to the 40 inch beds required for peppers, without 
leveling and reshaping the field. A uniform tape depth could not be achieved and resulted in an 
shallow undulating installed tape elevation. The tape was not deep enough and was susceptible to 
machinery damage. This problem affected the distribution uniformity. 
The bottom line for the grower indicated about a 22 fold increase in gross returns in 1993/94 
based on the additional cost of the irrigation system. The 1994 data indicated that for a $145/acre 
additional investment for the drip system, an increase of $3,150/acre for the gross returns was 
realized. The gross return increase was only $630 in 1995. The grower felt that had he used 
sprinkler irrigation in 1995 the unusually wet season would have had a similar negative impact on 
yields. In other words,  the pre-CEC sprinkler irrigation yields of 20 tons/acre would have been 
lower if sprinkler irrigation had been retained in 1995. This explains why many of the pepper 
fields in California are irrigated with drip irrigation systems. It should be noted that not all crops 
respond well to the drip irrigation systems. In this case, Underwood Farms  converted all of its 
fields to drip after 1994. 
Further Developments 
In its expanded drip acreage, Underwood Ranches has incorporated most of the recommendations 
which were provided by the ITRC, and has also incorporated its own innovations. Major points 
to note are: 
•	 The new installations use a portable filter and pump. The ranch poured concrete slabs 
near the water supply and electrical service on its fields, and the filtration/pump setup 
is moved to that field when peppers are grown. 
•	 The ranch has switched from the less expensive, thinner-walled 4 mil tape to a more 
durable, new design of 8 mil tape (TSX-508-08-340). Although the grower prefers 
high flow tape because of its resistance to plugging, he is now using low flow tape 
because he can run longer tape lengths (meaning there are less submains needed). 
•	 The piping and pressure control for the water distribution was initially improved, but 
the farm has returned to using simple gate valves for pressure regulation. In 1994 a 
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Bermad 3" automatic pressure regulator was used to supply 4" oval hose which feeds 
each 108 rows of peppers. The pressure regulator simplified the management 
considerably, because the water supply had a varying pressure. Lately, the farm has 
the used manual butterfly valves for pressure regulation at the head of each submain 
(rather than gate valves or automatic pressure regulators), which work well as long as 
the supply pressure does not change with time. 
•	 The connections between the tape and the supply hose have remained the same; the 
farm uses approximately thirty-inch lengths of spaghetti tube (350 x 250 PE) to 
connect the tape to the supply hose, and the tape is buried 5" deep in the soil. 
•	 The supply pipeline design varies, depending upon the farm. Some of the fields have 
permanently buried mainlines which supply above-ground 4" oval hose submains (to 
which the spaghetti tube is attached). Others use a complete above-ground system, 
with layflat hose as mainline, and 4" oval hose for the submains.  The farm did use 
aluminum rather than layflat for a time, but there were difficulties with corrosion (with 
acid injections), with driving over the pipe, and with leaks around the gaskets. The 
tractors drive right over the oval hose without damaging it 
•	 The tape is removed after each season. By doing this, the ranch has not needed to 
invest considerable management time in learning how to maintain the beds and tape for 
multiple years. The grower is interested in the possibility of re-using the tape for a 
second season. 
•	 The grower has completely switch away from aluminum mainlines on the drip system. 
•	 The ranch has  changed booster pumps from the 60 Hp Berkeley to a more efficient 
and better matched 40 Hp Cornell. 
•	 At the original site, a new standpipe and Harris float valve were installed at the turnout 
in 1995. The Harris float valve provides a relatively constant flow rate needed by the 
drip irrigation system. 
•	 There are still some challenges which remain. These include: 
*	 If there is a wet year (prior to planting) it is very difficult to install the tape with 
this removable design. In 1995, wet weather caused the peppers to be planted 
about 3 weeks late. 
CEC - Underwood Ranches  Report	 21 Irrigation Training and Research Center 
 
www.itrc.org/reports/pdf/Underwood.pdf
Row Crop Drip Irrigaiton on Bell Peppers Study - Underwood Ranches 
 
 
ITRC Report No. R 96-002
*	 It is unclear why Phytophthora remains a problem on some fields.  There have also 
been problems with a pepper weevil. Such insect and disease problems can have a 
large impact on yields, which effect any energy efficiency numbers for a single field 
for a single year. The grower's experiences, and the varied nature of insect, rain, 
and disease problems, indicate the high difficulty of obtaining good economic and 
energy efficiency data from single fields for a short test period. 
*	 The grower is sacrificing some energy efficiency for convenience. For example, 
the pressure control could be improved throughout the field (resulting in better 
distribution uniformity of water), and the fertigation system could be re-designed 
to reduce the horsepower requirement of the main pump. The grower must 
balance those savings against the ability of his irrigators to properly maintain and 
operate the these two options, and to date has not been convinced of making those 
two changes. 
Field Day 
A field day is to be held on two fields of the Underwood Ranches on October 8, 1996. The field 
day will be organized by the Cal Poly ITRC, with cooperation from the local Farm Advisor.  A 
CEC representative is scheduled to provide an introduction. This will be followed by a few hours 
of presentations, and then visits to the fields. Andros Engineering from Santa Margarita will also 
participate in demonstrating some new tape retrieval equipment. 
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SUMMARY 
The performance of the drip irrigation system more than justified the expense for this grower. 
The results indicated an increase in the energy used, but the yield was significantly higher. 
Overall, yields are higher under drip due to less problems with Phytophthora and sufficient quality 
of green peppers. 
The following summarizes the results of this project: 
• CEC Loan:	 $50,000 
• Crop:	 Peppers 
• Acres:	 50 acres (55 acres in 1995) 
•	 Technology Evaluated: Drip Irrigation, buried row crop drip compared to 
sprinkler irrigation 
• Yield Increase: 
1994	 10 Tons/acre - 50% increase in yield 
1995 2 Tons/acre - 10% increase in yield 
Averaged 6 Tons/acre - 30% increase in yield 
• Energy Savings: 
1994 	 Change of +1.76 MBTUs/acre. However, the 
improved yields resulted in a 38% increase in the 
energy use efficiency. 
1995	 Change of +1.29 MBTUs/acre.  However, the 
improved yields resulted in a 3% increase in the 
energy use efficiency. 
Averaged	 Change of +1.53 MBTUs/acre.  However, the 
improved yields resulted in a 20% increase in the 
energy use efficiency for the 2 years of the 
evaluation. 
• Water Savings: 
1994	 Change of -0.54 Ac-ft/acre - 23% decrease in water 
1995	 Change of -0.38 AF/acre - 16% decrease in water 
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This project met or exceeded the goals outlined by the CEC for the Farm Energy Assistance 
Program in terms of energy savings and energy efficiency. The data indicated that the additional 
investment in the drip system resulted in an averaged increase of $1,890/acre in the gross returns. 
Although this increase cannot be expected on all fields and all years, this explains why many of the 
pepper fields in California are being converted to drip irrigation systems. 
The following reflect the projected results by the grower in the original application: 
• Yield Increase:	 9 Tons/acre (Actual increase was larger) 
• Total Energy Savings:	 Not estimated (Total energy use increased) 
•	 Water Savings: 0.8 AF/acre ( Actual savings were significant but 
were lower than the projected amount) 
• Fertilizer Savings:	 Not estimated 
Electrical power savings, which are included in the total energy savings data, decreased in each 
successive year after the buried drip irrigation system was installed. Table 9 compares the 
projected results with the actual results of the drip irrigation system. 
Table 9. Projected and actual results of buried drip irrigation on peppers. 
Yield Increase Total Energy Power Savings Water Savings Fertilizer Savings 
Tons per Savings (Electrical) 





'94 & '95 avg. 
9 - - .8 -
10 +1.76 23,600 .54 negligible 
2 1.29 27,786 .38 negligible 
6 +1.53 25,693 .46 negligible 
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Figure 1-1. Connection between oval hose and drip tape on peppers. 
Figure 1-2. Sand media filter station with fertilizer tank in background. 
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Figure 1-3. Pump and valves at filter station. 
CEC - Underwood Ranches  Report 1-2 Irrigation Training and Research Center 
 
www.itrc.org/reports/pdf/Underwood.pdf
Row Crop Drip Irrigaiton on Bell Peppers Study - Underwood Ranches 
 
 
ITRC Report No. R 96-002
